Experimental
Monosaccharides (D-glucose, D-galactose, D-mannose and Dfructose, Wako Pure Chemicals), disaccharides (maltose, lactose and sucrose, Wako), oligosaccharides (moltotriose, raffinose and isomaltooligo-saccharides, Wako), polysaccharides (pectin, starch, dextran, chondroitin sulfate c and glycogen, Wako), 3-methyl-2-benzothiazorinone hydrazone hydrochloride (MBTH) (Aldrich) and fulvic acid (Inogashira FA, a standard sample obtained from Japanese Humic Substances Society) were used as received.
A 400 W L-Hg lamp (SUV-400 U, SEN Lights Corporation, 50 cm length) was used. Voltammetric measurements were carried out with a PAR 303A static mercury electrode and a PAR 264A polarographic analyzer. A spectrophotometer (U-2000, Hitachi) was used for absorption measurements.
Samples were put in a silica tube (10 mm inner radius and 100 mm long; this silica is transparent in the ultraviolet region up to 190 nm), suspended radially around the lamp at a distance of ca. 2 cm and irradiated under air cooling with a fan (30 ± 2.5˚C). Generally, 10 µM (M = mol dm -3 ) of the compounds in aqueous solution was irradiated. Compounds (correct molecular weights were not known) were prepared in a 10 mg/L solution. The concentrations of monosaccharides were colorimetrically determined with MBTH at 635 nm according to a reported procedure, 14 including reduction to sugar alcohol with borohydride, periodate oxidation of the sugar alcohols to produce formaldehyde and color development after the reaction of formaldehyde with MBTH. For the determination of polysaccharides, samples were hydrolyzed by hydrochloric acid prior to a colorimetric analysis with MBTH. The concentrations of other compounds were estimated by absorption measurements.
Results and Discussion
Fifteen kinds of saccharides, fulvic acid and tannic acid were irradiated with a 400 W L-Hg. Samples were irradiated for 5, 10, 20 and 40 min and the residual concentration of each compound was determined. The ratio of the residual concentration to the initial concentration at each irradiation time was calculated; one of the typical decomposition profiles is shown in Fig.1 for raffinose. The time needed to decompose 80% of the compounds was estimated from the residual concentration ratio vs. the irradiation time profile (the residual concentration was approximated to change linearly between each irradiation time and decomposition ratio was calculated as 100-residual concentration ratio(%)) and is given in Table 1 . Without any chloride ion, all of the compounds tested were decomposed by more than 80% within 5 min of irradiation. In the presence of 50 mM chloride ion (NaCl), the decomposition ratio decreased; however, one half an hour allowed sufficient irradiation to decompose more than 80% of the mono, di and oligosaccharides. A longer irradiation time was necessary to decompose polysaccharides; especially, glycogen was most difficult to decompose among the tested compounds. Tannic and fulvic acids were easily decomposed even in the presence of 50 mM chloride ion.
The effects of the saccharide concentration on the sensitivity of copper (200 nM solutions containing 50 mM NaCl at pH 7) determintation by anodic stripping voltammetry were investigated. Among them, in the presence of 50 ppm of pectin, raffinose, maltotriose and fructose, the sensitivity for copper was reduced to 49, 70, 87 and 86%, respectively. After 40 min of irrdiation, the sensitivity for copper was successfully recovered.
For 20 min of irradiation of 10 µM glucose at a neutral pH, the decomposition ratio was largely reduced along with an increase in the chloride concentration, and reached ca. 20% in 0.7 M NaCl (Fig. 2) . The time needed to decompose 80% of 10 µM glucose in 0.7 M NaCl was ca. 75 min. Therefore, for highly saline samples, such as sea water, ca. 2 h of irradiation should be sufficient to remove any interference on the voltammetric determination (in sea water other ions, except chloride, should not have any effect on the decomposition efficiency because even for sulfate, the primary candidate to interfere, its concentration is much lower (ca. 30 mM) and its effect on decompostion is much smaller than chloride 13 ).
Generally, two processes, direct and indirect, have been known for the photolytic decomposition of organic compounds in aqueous media. 15, 16 In the direct process, the compounds are decomposed via their excited states formed by the absorption of induced light. Indirect decomposition proceeds with radicals such as hydroxyl or alkyl radicals, produced by irradiation of the solvent or coexisting substances. Yabe et al. 17 proposed that decomposition via photolytically produced hydroxyl radicals, produced from the dissolved oxygen 18 and water molecules 19, 20 by irradiation at 185 nm from an L-Hg (as well as from the photodecomposition of hydrogen peroxide), could play a major role in the decomposition of organic compounds. One of the reasons for a reduction of the decomposition ratio of glucose by the chloride ion could be the smaller concentration of the hydroxyl radical produced by the irradiation of 185 nm light. Because 185 nm light is one of the strong lines from L-Hg, while log ε (absorption coefficient in M -1 cm -1 ) at 181 nm for chloride is 4.0, 21 in the presence of much chloride 185 nm light could be absorbed by chloride ions and the concentration of hydroxyl radical should be less to make the lower decomposition ratio. 13 Under a constant ionic strength ([HCl] + [NaCl] = 50 mM), the decomposition amounts of glucose after 20 min of irradiation at pH values of 5.4, 5.0, 4.2, 3.1 and 2.1 were 79, 60, 38, 22 and 27%, respectively. Therefore, the decomposition ratio decreased as the pH decreased. This could be due to the decrease of the concentration of hydroxyl radicals during a scavenging effect of the chloride ion in acidic solution; that is, OH + Cl -+ H + → Cl + H2O 22 ). The photolytic decomposition ratios of benzene, 12 phenylalanine and Triton X-100 13 were higher in acidic solution, while that of trichloroethylene 11 was lower. These different dependences of the decomposition ratio on the pH would be due to the reactivity of chlorine radicals on each compound; however, the detailed mechanism is not yet known.
The effect of dissolved oxygen on the decomposition efficiency was investigated for glucose. With dissolved oxygen (ca. 9 mg/mL at 20˚C), after 10 min of irradiation the 1156 ANALYTICAL SCIENCES OCTOBER 2002, VOL. 18 decomposition ratio of 10 µM glucose solution in the presence of 50 mM NaCl was 60 ± 5%. However, by irradiation after removing dissolved oxygen (the sample solution was bubbled with high-purity nitrogen for 30 min and the remaining oxygen was less than 0.1 mg/mL), the obtained ratio was 53 ± 6%. A slight decrease in the decomposition ratio was observed in the absence of dissolved oxygen, as can be seen for phenylalanine in the presence of chloride ion. 13 This could also be one evidence for the indirect photolytic decomposition of saccharides via hydroxyl radicals produced not only from dissolved oxygen, but also water molecules when irradiated by 185 nm light. In our previous 12, 13 and present work, it has been shown that many dissolved organic compounds, which could interefere with voltammetric determinations of trace metals in environmental water samples, should be successfully decomposed by UV irradiation with a high output of L-Hg at around room temperature.
